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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent a frequency 
characteristic from changing even if a total gain is 
changed when a DC offset voltage is removed. 
SOLUTION: The base band circuit of a direct conversion 
receiver is provided with an invertible integrator 106 
removing the DC offset voltage and an attenuator 108. 
The attenuation quantity in the attenuator 108 is set so 
that it becomes almost equal to the inverse of the total 
gain (g) of VGA 102 to 105 in a signal path. When the 
transmission function H(s) of a low-pass filter 101 is set 
to T, the transmission function R(s) of the whole circuit 
becomes R(s)=g.s/(s+a). Namely, a primary high-pass 
filter whose gain is (g) and cutoff frequency fc is a/2rr is 
obtained. Since the total gain (g) is not included in the 
cutoff frequency fc, the cutoff frequency fc does not 
change even if the total gain (g) is changed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st low pass filter which is the baseband circuit of the direct conversion receiver 
which carries out direct conversion of the RF signal inputted from the antenna to baseband 
signaling, and band-limits the aforementioned baseband signaling, An adjustable gain amplification 
means to amplify only the gain on which it was directed and to output the output from the 1 st 
low pass filter of the above as a baseband output after amplification, The attenuating means 
which only a value almost equal to the gain of the aforementioned adjustable gain amplification 
means makes decrease the baseband signaling amplified by the aforementioned adjustable gain 
amplification means, The baseband circuit of the direct conversion receiver which consists of the 
2nd low pass filter for taking out the dc component of the outputs from the aforementioned 
attenuating means, and a subtraction means to subtract the output of the 2nd low pass filter of 
the above from the aforementioned baseband signaling. 

[Claim 2] An adjustable gain amplification means to be the baseband circuit of the direct 
conversion receiver which carries out direct conversion of the RF signal inputted from the 
antenna to baseband signaling, and to amplify and output only the gain on which the 
aforementioned baseband signaling was directed, The 1st low pass filter outputted as baseband 
signaling after band-limiting the baseband signaling amplified by the aforementioned adjustable 
gain amplification means and being amplified, The attenuating means which only a value almost 
equal to the gain of the aforementioned adjustable gain amplification means makes decrease the 
output of the 1st low pass filter of the above, The baseband circuit of the direct conversion 
receiver which consists of the 2nd low pass filter for taking out the dc component of the outputs 
from the aforementioned attenuating means, and a subtraction means to subtract the output of 
the 2nd low pass filter of the above from the aforementioned baseband signaling. 
[Claim 3] The baseband circuit of the direct conversion receiver according to claim 1 or 2 with 
which the 1st low pass filter of the above and the aforementioned adjustable gain amplification 
means are constituted by two or more portions, and the sequence of those portions is arbitrarily 
replaced between outputs from the input. 

[Claim 4] The baseband circuit of the direct conversion receiver of three given in any 1 term 
from the claim 1 which is the integrator with which the 2nd low pass filter of the above 
integrates with and outputs the phase of the output from the aforementioned attenuating means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the method of removing 
the direct-current-offset voltage which poses a problem in such a baseband circuit especially, 
about the baseband circuit of the receiver which adopted the direct conversion method. 
[0002] 

[Description of the Prior Art] That for which a superheterodyne method is used as a receiving 
method in the conventional receiving set was common. This superheterodyne method is a 
method which once changes into the signal of an intermediate frequency (IF) the high-frequency 
signal received by the antenna, amplifies the intermediate frequency signal, gets over, and 
generates baseband signaling. However, since it is the signal of a high-frequency field even if it is 
an intermediate frequency signal, the baseband circuit treating baseband signaling is difficult for 
IC-izing of the circuit which treats an intermediate frequency signal in things. Therefore, 
recently, the direct conversion method which carries out direct conversion of the high-frequency 
signal received by the antenna to baseband signaling is proposed. 

[0003] According to the receiver of this direct conversion method, compared with the 
conventional superheterodyne method, the RF circuit section is simplified and part mark, such as 
a filter, can be cut down. Moreover, since most processings of the band limit which was being 
conventionally performed with the intermediate frequency band, AGC (automatic gain control), 
etc. can be performed in a baseband band according to the receiver of this direct conversion 
method, it could realize by the CMOS analog circuit and has turned [ circuit / for performing 
these processings ] to LSHzation. Therefore, it is expected that the receiver of a direct 
conversion method will be used widely from now on. 

[0004] The concrete composition of a direct conversion receiver is shown in drawing 5 . This 
direct conversion receiver has an antenna 401, the high-frequency band pass filter 402, the low 
noise amplifier (LNA) 403, the rectangular demodulator 404, the baseband filters 405 and 406, the 
baseband circuit 408, and local VCO 425. 

[0005] The rectangular demodulator 404 consists of a buffer amplifier 431, multipliers 432 and 
433, and a phase shifter 434. The buffer amplifier 431 has changed the signal of the single end 
from LNA403 into the differential output. A phase shifter 434 considers the local signal from 
local VCO 425 as an input, generates a cos wave and -sin wave, and is outputting each to 
multipliers 432 and 433. Multipliers 432 and 433 perform the multiplication between the cos wave 
from a phase shifter 434, -sin wave, and the signal from a buffer amplifier 431, respectively, and 
are generating I and Q2 line baseband signaling. 

[0006] Moreover, the baseband circuit 408 is a circuit for processing baseband signaling, and is 
constituted by various kinds of circuits of AGC-circuit 407 grade. 

[0007] Here, AGC circuit 407 consists of variable gain amplifiers (VGA:Variable Gain Amplifier) 
102-105, 202-205, and a gain control circuit 416. 

[0008] The gain control circuit 416 is controlling VGA 102-105 and gain of 202-205 based on the 
gain control signal 422 inputted from the outside. VGA 102-105 and VGA 202-205 are outputted 
as baseband signaling 423 and 424 after it amplified the baseband signaling inputted from the 
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baseband filters 405 and 406 and being amplified by the gain directed by the gain control circuit 
416, respectively. 

[0009] Next, operation of this direct conversion receiver is explained with reference to drawin g 
5 . 

[0010] The RF signal received with the antenna 401 is band-limited in the RF band pass filter 
402, and only the signal component of a receiving band is taken out. And the signal band-limited 
by the RF band pass filter 402 is amplified with the low noise amplifier (LNA) 403, and is inputted 
into the rectangular demodulator 404 as it is. Although the rectangular demodulator 404 is driven 
by the local signal generated with local VCO 425, this local signal of it is the same as that of the 
center frequency of a RF signal which receives. Direct baseband signaling is generated from a RF 
signal by the rectangular demodulator 404. Baseband signaling is I and a Q2 line signal, and after 
being band-limited by the baseband filters 405 and 406, respectively, it is amplified so that an 
average amplitude may become fixed by AGC circuit 407. Since the gain control circuit 416 and 
algorithm which control this gain are not related to this invention, they omit explanation. The 
output of AGC circuit 407 is outputted to the latter part as baseband signaling 423 and 424 after 
being amplified, respectively. 

[001 1] By the direct conversion method, the not a SAW (Surface Acoustic Wave : surface 
acoustic wave) filter but baseband filters 405 and 406 of IF band realize the channel filter for 
oppressing a contiguity channel. Since it is realizable in the circuit which used the active 
element, these are suitable for IC-ization. Moreover, since a RF is changed into direct baseband 
signaling, second local VCO for changing an intermediate frequency signal into baseband signaling 
can be made unnecessary. So, all the receiving circuits from LNA403 to the baseband signaling 
423 and 424 after [ which is the output of AGC circuit 407 ] being amplified can be formed into 1 
chip, thus, it will contribute to the miniaturization of a cellular-phone machine, and part mark 
curtailment greatly that it can finish coming out of forming all receiving circuits into 1 chip 
[001 2] However, if direct-current-offset voltage is also slight, since the gain of AGC circuit 407 
will amount also to dozens of dB in the baseband filters 405 and 406 and AGC circuit 407 
depending on the case, the saturation phenomenon in which an output sticks to a power supply 
or a gland occurs. 

[0013] In the direct conversion baseband circuit of a method where the dynamic range of an 
input signal like especially a wideband CDMA (Wide Band Code Division Multiple Access) method 
is large, since the dynamic range of AGC circuit 407 amounts to about 80dB, the problem by 
direct-current-offset voltage generates it more notably. 

[0014] For example, there is direct-current-offset voltage of 1mV with the baseband filter 405, 
and if the gain of AGC circuit 407 was 80dB (namely, 10000 times), the dc component of 10V will 
appear in an output. Of course, in a portable telephone, since such voltage is over the voltage of 
a cell far, operation of it will become impossible. Therefore, in the baseband circuit of a direct 
conversion receiver, it becomes an important technical problem to remove direct-current-offset 
voltage as much as possible. 

[0015] As simplest method of removing direct-current-offset voltage, there is a C-cut (capacitor 
cut) method as shown in drawin g 6 . In dr awin g 6 , the high-pass filters 308, 309, 310, and 311 for 
performing C-cut are inserted between the low pass filter 101 for a band limit, and VGA 102, 
103, 104, and 105 which constitutes AGC circuit 407. The transfer function of these high-pass 
filters 308-311 serves as the form B(S) =S/(S+alpha). 

[0016] By considering as such circuitry, the transfer to the output side of the direct-current- 
offset voltage generated in each circuit can be prevented. However, in C-cut method, in order to 
remove certainly a part for the direct-current-offset voltage generated in each portion, as 
shown in drawing 6 , it is necessary to insert two or more high-pass filters 308, 309, 310, and 
31 1. And since the cut off frequency of high-pass filters 308, 309, 310, and 31 1 has the desirable 
thing low as much as possible, the capacity of the capacitor in C-cut method will become large. 
Therefore, if the high-pass filters 308, 309, 310, and 31 1 of such a large number are put in into 
IC, the problem of the chip area of IC becoming large will occur. Moreover, by passing along two 
or more high-pass filters, the strain of a signal wave form increases and there is a possibility 
that an error rate may deteriorate. 
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[0017] The direct-current negative feedback method shown in drawin g 7 was proposed as a 
method of solving this problem. The composition of the baseband circuit of drawing 7 
Reference:"A 2-GHz Wide-Band Direct Conversion Receiver for WCDMA Applications"Aarno 
Parssinen, Jarkko Jussila, Jussi Ryynanen, Lauri Sumanen, Kari A.I.Halonen IEEE JOURNAL OF 
SOLID-STATE CIRCUITS, The composition described is simplified and introduced in VOL.34, 
NO.12, and DECEMBER 1999 PAGE 1893-1903. 

[0018] The baseband circuit of this conventional direct-current negative feedback method 
consists of a low pass filter 101, VGA 102-105, a reversal integrator 106, and an adder 107, as 
shown in dr awin g 7 . 

[0019] In drawing 7 , direct-current-offset voltage is removed by taking out a dc component 
from the output of VGA105 with the reversal integrator 106, and performing negative feedback 
with an adder 107 in the input side of a low pass filter 101 instead of C-cut method. 
[0020] As concrete circuitry of the reversal integrator 106, circuitry as shown in drawing 8 can 
be considered. Reference of drawing 8 constitutes the reversal integrator 106 from an 
operational amplifier 80, a capacitor 81, and resistance 82. The signal inputted into the reversal 
integrator 106 is inputted into the inversed input terminal of an operational amplifier 80 through 
resistance 82. Moreover, the noninverting input terminal of an operational amplifier 80 is 
connected to a gland, and the capacitor 81 is connected between the noninverting input terminal 
of an operational amplifier 80, and the output terminal. If capacity value of R and a capacitor 81 
is set to C for the resistance of resistance 82, the transfer function of such a reversal integrator 
106 of circuitry will serve as -1-/CR/S, and will serve as alpha= 1-/CR. 

[0021] Transfer function [ of this composition ] R (s) is g. : Sum total gain [ of VGA 102-105 ] H 
(s) : Transfer function alpha of the low pass filter 101 of a band limit: It is [0022] when it is the 
coefficient of the reversal integrator 106. 
[Equation 1] 

r>< \ g-H(s) s-H(s) 
R(s)= — - — 5-t — -= g -7- — * • • • (15 



i+g.HW-5 ■+«■=«•)•« 



[0023] It can express. On an angular-frequency (omega) shaft, it is [0024]. 
[Equation 2] 

R(j«)-8- - - j " : -Hfrp) (2) 
j®+g-H(ja>).a 

[0025] It can write. In low frequency which discusses removal of direct-current-offset voltage, 
the transfer function H of a low pass filter 101 (jomega) may almost be considered to be 1, and it 
is [0026]. 
[Equation 3] 

R(j©)*g._ifi — ( . 

[0027] It comes out. That is, for gain, a cut off frequency fc is [0028] at g. 
[Equation 4] 
f - 8 ' a 

c 2ti (4) 

[0029] It can be considered that it is the high-pass filter of the primary **. 

[0030] Thus, if the composition of drawing 7 is used, direct-current-offset voltage is removable 
only by constituting one reversal integrator 106 in the feedback loop. Furthermore, with this 
composition, all also of a low pass filter 101 and the direct-current-offset voltage generated in 
each of VGA 102, 103, 104, and 105 are removable. Therefore, as compared with the case of C- 
cut method, it is a few circuit scale, and T moreover, distortion of a signal can be suppressed to 
the minimum. 

[0031] However, there are the following troubles in this method, g is contained in the cut off 
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frequency fc of direct-current removal as shown in a formula (4). Therefore, a cut off frequency 
fc will change in proportion to the sum total gain g of VGA 102-105. 

[0032] The amplitude characteristic of the transfer function of a formula (2) is shown in drawing 
9 . In this drawing 9 , the amplitude characteristic at the time of changing the value of the sum 
total gain g at intervals of 6dB from OdB to 66dB is calculated and plotted. It turns out that the 
cut-off cycle fc will become high if the sum total gain g increases so that clearly from drawing 9 , 
and the frequency characteristic of an amplitude collapses greatly. 
[0033] 

[Problem(s) to be Solved by the Invention] In the baseband circuit of the conventional direct 

conversion receiver mentioned above, when the circuit for removing direct-current-offset 

voltage was prepared and sum total gain increased, the cut-off cycle became high, and there was 

a trouble that the frequency characteristic of an amplitude will collapse greatly. 

[0034] The purpose of this invention is offering the baseband circuit of a direct conversion 

receiver in which the circuit for removing direct-current-offset voltage from which the frequency 

characteristic of an amplitude does not change was established, even when sum total gain 

changes. 

[0035] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the baseband 
circuit of the direct conversion receiver of this invention The 1st low pass filter which is the 
baseband circuit of the direct conversion receiver which carries out direct conversion of the RF 
signal inputted from the antenna to baseband signaling, and band-limits the aforementioned 
baseband signaling, An adjustable gain amplification means to amplify only the gain on which it 
was directed and to output the output from the 1st low pass filter of the above as a baseband 
output after amplification, The attenuating means which only a value almost equal to the gain of 
the aforementioned adjustable gain amplification means makes decrease the baseband signaling 
amplified by the aforementioned adjustable gain amplification means, It consists of the 2nd low 
pass filter for taking out the dc component of the outputs from the aforementioned attenuating 
means, and a subtraction means to subtract the output of the 2nd low pass filter of the above 
from the aforementioned baseband signaling. 

[0036] Only a value almost equal to the gain of an adjustable gain amplification means attenuates 
the baseband signaling amplified by the adjustable gain amplification means by attenuating means, 
and it is made to take out a dc component by the 2nd low pass filter after that in this invention. 
Therefore, the cut off frequency in the frequency characteristic of an amplitude is determined by 
only the coefficient of the 2nd low pass filter, and does not change depending on the value of the 
sum total gain of an adjustable gain amplification means, thereby, according to this invention, 
turn the frequency characteristic strangely by the sum total gain of an adjustable gain means — 
**** — direct-current-offset voltage is removable without things 
[0037] 

[Embodiments of the Invention] Next, the gestalt of operation of this invention is explained in 
detail with reference to a drawing. 

[0038] (1st operation gestalt) Drawin g 1 is the block diagram showing the composition of the 
baseband circuit of the direct conversion receiver of the 1 st operation gestalt of this invention. 
In drawing 1 , the same sign shall be given to the same component as the component in drawing 
7 , and explanation shall be omitted. 

[0039] The attenuator 108 for gain adjustment is newly formed in the feedback loop to the 
conventional baseband circuit which showed the baseband circuit of this operation gestalt to 
drawing 7 . The magnitude of attenuation of an attenuator 108 is set up so that it may become 
almost equal to the inverse number of the sum total gain g which is the sum total of the gain of 
VGA 102, 103, 104, and 105 in a signal path. 

[0040] Next, operation of the baseband circuit of this operation gestalt is explained in detail. 
[0041] It is g like the baseband circuit of drawing 7 . : Sum total gain [ of VGA 102-105 ] H (s) : 
The transfer function alpha of the low pass filter 101 of a band limit: When it is the coefficient of 
the reversal integrator 106, whole transfer function R (s) is [0042]. 
[Equation 5] 
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t>m eH(s) s-H(s) 

[0043] It can express. On an angular-frequency (omega) shaft, it is [0044]. 
[Equation 6] 

U ' * jo)+H(jco).a (6) 

[0045] It can write. In low frequency which discusses removal of direct-current-offset voltage, 
the transfer function H of a low pass filter 101 (jomega) may almost be considered to be 1, and it 
is [0046]. 
[Equation 7] 

R(ja>)*g. , J ® m 

[0047] It becomes. That is, for gain, a cut off frequency fc is [0048] at g. 
[Equation 8] 



c 



2ti (8) 



[0049] It can be considered that it is the high-pass filter of the primary **. 

[0050] Even if it changes the sum total gain g since the sum total gain g of VGA 102-105 is not 
included in a formula (8) so that more clearly than this, a cut off frequency fc does not change. 
[0051] The example of the amplitude characteristic of the transfer function of a formula (6) is 
shown in drawin g 2 . In this drawin g 2 , when changing the value of the sum total gain g at 
intervals of 6dB from OdB to 66dB, the amplitude characteristic is calculated and plotted. Even if 
it changes the sum total gain g so that clearly from drawing 2 , it turns out that the frequency 
characteristic of an amplitude itself does not change at all relatively. 

[0052] thus, according to the baseband circuit of the direct conversion receiver of this operation 
gestalt, turn the frequency characteristic strangely by the sum total gain g of AGC circuit 407 — 
**** — direct-current-offset voltage can be removed without things, next (2nd operation 
gestalt) the baseband circuit of the direct conversion receiver of the 2nd operation gestalt of 
this invention is explained 

[0053] Although the fundamental composition is the same as that of the 1 st operation gestalt 
explained above as the baseband circuit of the 2nd operation gestalt of this invention is shown in 
drawing 3 , the composition is changed a little. 

[0054] When specification, such as contiguity channel selectivity, is very severe, it may be 
difficult to realize a low pass filter altogether by one place. In this case, a low pass filter 101 may 
be divided into two, a filter 109 and a filter 110, like draw ing 3 . Moreover, VGA103 may be 
inserted like drawing 3 among the separated low pass filters 109 and 110, or VGA702 may be 
formed before a low pass filter 109. Thus, even when the sequence of a circuit block is replaced 
or divided, this invention is completely effective similarly. 

[0055] (3rd operation gestalt) Next, the baseband circuit of the direct conversion receiver of the 
3rd operation gestalt of this invention is explained. 

[0056] Although the reversal integrator 1 06 and the attenuator 1 08 were separated and installed 
in the feedback loop, the reversal integrator 106 and one reversal integrator 818 as shown 
instead of an attenuator 108 at drawing 4 can also constitute from the direct conversion 
of the above 1st and the 2nd operation gestalt in the baseband circuit of the direct conversion 
receiver of this operation gestalt. 

[0057] This reversal integrator 818 consists of an operational amplifier 801, a capacitor 802, and 
a variable resistor 817. Moreover, the variable resistor 817 is constituted by resistance 803-809 
and switches 810-816, and can obtain desired resistance now by operating switches 810-816 
appropriately. 

[0058] When capacity value of a capacitor 802 is set to C and the resistance obtained by the 
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variable resistor 817 is set to R, the coefficient alpha of this reversal integrator 818 is [0059]. 
[Equation 9] 

a= ^k < 9 > 

[0060] It is expressed. Therefore, it will be [0061] if resistance R is changed so that it may be 
proportional to the sum total gain g. 
[Equation 10] 

R =8-Ro (10) 

[0062] Being able to express, a formula (4) is [0063], 
[Equation 1 1] 

F - g ' a - S'1 - £ _ 1 _ <*o 

* 2ti ~ 2K-CR 27i-C-g-R 0 2n.C R 0 2k (11) 

[0064] Also in a next door and this operation form, even if the sum total gain g changes, it turns 

out that a cut off frequency fc does not change. 

[0065] 

[Effect of the Invention] as explained above, according to this invention, turn the frequency 
characteristic strangely by the sum total gain of an AGC circuit — **** — it has the effect that 
direct-current-offset voltage is removable without things 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the composition of the baseband circuit of the direct 
conversion receiver of the 1st operation gestalt of this invention. 

[Drawing 2] It is drawing showing the amplitude characteristic of the transfer function of the 
baseband circuit of draw ing 1 . 

[Drawin g 3] It is the block diagram showing the composition of the baseband circuit of the direct 
conversion receiver of the 2nd operation gestalt of this invention. 

[Drawing 4] It is the block diagram showing the composition of the baseband circuit of the direct 
conversion receiver of the 3rd operation gestalt of this invention. 

[Drawing 5] It is the block diagram showing the composition of a direct conversion receiver. 

[Drawing 6] It is the block diagram showing the composition of the baseband circuit of the 

conventional direct conversion receiver which adopted C-cut method. 

[ Drawing 7] It is the block diagram showing the composition of the baseband circuit of the 

conventional direct conversion receiver which adopted the direct-current negative feedback 

method. 

[Drawing 8] It is the circuit diagram showing the concrete example of the reversal integrator 106 
in drawing 7 . 

[Drawing 9] It is drawing showing the amplitude characteristic of the transfer function of the 
conventional baseband circuit shown in drawing 7 . 
[Description of Notations] 

80 Operational Amplifier 

81 Capacitor 

82 Resistance 

101 Low Pass Filter 

102-105 Variable gain amplifier (VGA) 

106 Reversal Integrator 

107 Adder 

108 Attenuator 

109 110 Low pass filter 

202-205 Variable gain amplifier (VGA) 
301 Low Pass Filter 
302~305 VGA 

308-31 1 Philharmonic a high path 

401 Antenna 

402 RF Band Pass Filter 

403 Low Noise Amplifier (LNA) 

404 Rectangular Demodulator 

405 406 Baseband filter 

407 AGC Circuit 

408 Baseband Circuit 
416 Gain Control Circuit 
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422 Gain Control Signal 

423 424 Baseband signaling after amplification 
425 Local VCO 

431 Buffer Amplifier 

432 433 Multiplier 
434 Phase Shifter 
702 VGA 

706 Reversal Integrator 

801 Operational Amplifier 

802 Capacitor 
803-809 Resistance 
810-816 Switch 

817 Variable Resistor 

818 Reversal Integrator 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 6] 
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[Drawing 3] 
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[Drawing 4] 
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